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The metastable decompositions of the molecular ions of methyl thioglycolate (1) and ethyl 
thioglycolate (2) were investigated by means of mass analyzed ion kinetic energy (MIKE) 
spectra nd deuterium labeling. The loss of methanol is the only metastable decomposition of
1÷'. This fragmentation occurs via two distinct pathways. The molecular ions of 2 decompose 
in a variety of ways, i.e., the losses of water, ethene, ethanol or C2H302 . All of these 
decompositions, except he loss of ethene, occur through two distinct mechanisms. During the 
loss of C2H302, the ethyl group or ethene mig.rates from the oxygen to the sulfur atom. The loss 
of HCS, which corresponds to the loss of HCO with a concomitant double hydrogen transfer 
observed in the case of methyl glycolate (3), does not participate in the metastable decompo- 
sition of 1 +' and 2 +. This is due to the energetic favorableness of the loss of methanol. (J Am 
Soc Mass Spectrom 1997, 8, 801-808) © 1997 American Society for Mass Spectrometry 
Gas phase ion chemistry of many classes of organosul- 
fur compounds has been investigated by comparison 
with that of oxygen analogs. Recently, some review 
articles have been published [1,2]. However, to the 
authors' knowledge, very little is known of the frag- 
mentation mechanism of ester cations containing the 
mercapto group. Bowie et al. have reported the frag- 
mentation of alkyl and aryl thioglycolate anions pro- 
duced by dissociative lectron capture [3,4]. 
In the previous paper, we reported the fragmenta- 
tion mechanisms of methyl and ethyl thiolactates, and 
the results were compared with those of the oxygen 
analogs, i.e., methyl and ethyl lactates [5]. The molecu- 
lar ions of these ox.ygen analogs decompose metastably 
by the loss of CHACO concomitant with double hydro- 
gen atom transfer ]6,7]. However, the metastable mo- 
lecular ions of methyl and ethyl thiolactates decompose 
in completely different ways [5]. The molecular ions of 
methyl glycolate (3), which is a lower analog of methyl 
lactate, also show a metastable decomposition pathway 
involving double hydrogen transfer [7-9]. 
In this article, metastable decomposition of the mo- 
lecular ions of methyl thioglycolate (1) and ethyl thio- 
glycolate (2), as a natural extension of the previous 
article, is reported [5]. The double hydrogen transfer 
similar to that in 3 was not observed in these com- 
pounds. This difference between the S-containing and 
Address reprint requests to Osamu Sekiguchi, Gunma National College of 
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O-containing ions is explained on the bases of heats of 
formation of the products [1,10]. 
On the other hand, some characteristic decomposi- 
tions were found to operate in these sulfur-containing 
compounds. In particular, a novel decomposition of 2 +. 
into C2HsS + with C2H5 or C2H 4 migration from the 
oxygen to the sulfur atom is observed. 
Experimental 
Electron impact (EI), chemical ionization (CI), B/E 
linked scan, and collision-induced issociation (CID) 
spectra were recorded on a Hitachi M-80B double 
focusing mass spectrometer. A modified Hitachi 
RMU-7M reversed geometry double focusing mass 
spectrometer was used to obtain mass analyzed ion 
kinetic energy (MIKE) spectra. 
Isobutane was used as a reagent gas for CI. The 
conditions for CID measurements were as follows: ion 
accelerating voltage 3.2 kV; collision gas He. The elec- 
tron accelerating voltage was 70 V for both instruments. 
Methyl thioglycolate, CH2(SH)COOCH 3 (Mw: 106) 
(1), ethyl thioglycolate, CH2(SH)COOCH2CH 3 (Mw: 
120) (2), 2-propanethiol, (4), and thiirane (5) were pur- 
chased from Tokyo Kasei Kogyo Co. Ltd., and were 
used without further purification. The last two were 
used as the reference compounds. Methyl-d3 thioglyco- 
late, CH2(SH)COOCD 3 (1-d3), and ethyl-d 5 thioglyco- 
late, CH2(SH)COOCD2CD3 (1-d5), were synthesized by 
esterifying thioglycolic acid with CD3OD and 
CD3CD2OD , respectively. The degree of labeling, esti- 
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mated from the peak heights at the mass to charge ratio 
of the appropriate molecular ions, was better than 98%. 
Deuterium labeled isotopomers (1-dl, l-d4, 2-dl, and 
2-d6), in which the mercapto hydrogen is substituted 
with deuterium, were obtained by preexchange of the 
compounds with D20 , and the degree of labeling of 
these isotopomers i rather low. 
The molecular orbital calculations were done using 
the Gaussian 94 suite of programs [11]. 
,q q o o, 
HSCH2COCH 3 DSCH2COCH 3 HSCH2COCD 3 DSCH2COCD 3 
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HOCH2COCH3 CH3CHSH H2C- -CH 2 
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Resu l ts  and D iscuss ion  
Methyl Thioglycolate 
The mass spectra of I and 2 are shown in Table 1. In the 
mass spectrum of 1, the abundance of the m/z 61 ion 
due to the loss of HCS concomitant with double hydro- 
gen transfer, which corresponds to the HCO loss in the 
case of 3 [7-9], was very low (<2%). 
Figure 1 shows the MIKE spectra of the molecular 
ions of 1 and its deuterium labeled isotopomers. Me- 
tastable 1+" decomposes mainly into the m/z  74 ion, i.e., 
it loses 32 atomic mass units (amu) (Figure la). No ion 
due to the loss of HCS is observed at m/z 61. The peak 
at m/z 74 stays at the same mass in Figure lc, indicat- 
ing the loss of 35 amu. Hence, this fragmentation is
attributable to the loss of a methanol molecule. This 
peak in Figure la splits into two peaks at m/z 75 and 74 
Table 1. Mass spectra of 1 and 2. Peaks with a relative 
intensity greater than 5% are listed 
1 2 
m/z Relative intensity m/z Relative intensity 
14 5.7 27 19.7 
15 29.1 29 70.0 
29 11.4 31 6.2 
42 16.2 42 13.7 
45 34.3 43 6.6 
46 35.9 45 17.1 
47 100.0 46 28.2 
48 5.0 47 100.0 
59 27.1 48 9.3 
74 53.5 61 6.1 
75 11.1 74 44.3 
106 53.2 75 19.2 
92 8.4 
120 45.5 
7/4 ?, 
(a) HSCH2COCH 3 
m/z 106 1~ 
(b) DSCrhCOCtl3 
m/z 107 ~" 
9, 
(C)  HSCHzCOCD 3 
m/z 109 ira. 
~ 74 
(d) DSCH2COCD 3 
m/z 110 
74 
I I I 
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Figure 1. The MIKE spectra of the molecular ions of (a) 1, (b) 
1-d 1, (c) 1-d3, and (d) 1-d 4. 
with an intensity ratio of 1.0:5.5 upon substituting the 
mercapto hydrogen of 1 with deuterium (l-d0 (Figure 
lb), and with an intensity ratio of 1.0:3.6 in 1-d 4 (Figure 
ld). When the kind of isotopes of hydrogen atom (H or 
D) in the methylene group is different from that of the 
mercapto hydrogen, the peak corresponding to metha- 
nol elimination splits into two peaks. 
This observation may be rationalized by one of the 
following two explanations or both: 
(1) A methanol loss occurs via two distinct mecha- 
nisms in which the methoxy group takes the mercapto 
hydrogen and methylene hydrogen, respectively, with 
the former being more probable than the latter. 
(2) A methanol loss occurs through the removal of 
only the mercapto hydrogen by the methoxy group, but 
a partial hydrogen exchange between the mercapto and 
methylene hydrogens occurs prior to the methanol loss. 
If (1) is the case, it is expected that the resulting m/z 
74 ions from 1-" must have two distinct structures. On 
the other hand, if (2) is true, the m/z 74 ions will have 
a single structure. 
In order to settle which is the case, first, the abun- 
dance ratio of m/z 75 to m/z 74 ions in the ion source 
spectrum of l-d1 and in the MIKE spectrum of 1-d~" was 
examined. At the limit of complete hydrogen scram- 
bling between the mercapto and the methylene hydro- 
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Figure 2. Partial MIKE spectra of (a) the m/z 74 ion from 1 +', (b) the m/z 74 ion from 1-d~', and (c) 
the m/z 75 from 1-d~. 
gens, the abundance ratio [m/z 75]/[m/z 74] will be 
2.0, neglecting the isotope effects. In the ion source 
spectrum of 1-d 1, the ratio was 0.59 (the contamination 
due to undeuterated species was eliminated). If this 
observation results from the hydrogen scrambling, the 
ratio must become larger in the MIKE spectrum, since 
the hydrogen scrambling is more prevailing in the 
metastable time frame than in the time frame of the ion 
source spectrum [12]. However,  the ratio in the MIKE 
spectrum is 0.18, as mentioned above, which is much 
smaller than that in the ion source spectrum. This 
strongly indicates that the hydrogen scrambling, if any, 
is not primarily responsible for the splitting of the peak 
due to methanol loss observed in Figures lb  and d. 
In addition, a partial MIKE spectrum of the m/z 74 
ion from 1 +. is shown in Figure 2a. The peak at m/z 46 
due to CO loss shown in Figure 2a assumes a composite 
shape. The composite metastable peak suggests the 
existence of two distinct fragmenting and/or  product 
ions [12-14]. Then, the MIKE spectra of the m/z 74 and 
m/z 75 ions from l-d1 were measured with the results 
shown in Figures 2b and c. The degree of deuteration in 
this case is -83%. The deuteration is not complete, and 
the spectra shown in Figures 2b and c may be contam- 
inated a little with nondeuterated ions. Thus, the results 
are discussed only qualitatively. The shapes of the 
peaks shown in Figures 2b and c, which are respectively 
owing to the losses of CO from [1-dl - CHBOD] ~" and 
from [1-dl - CH3OH] +', are different from each other. 
The width of the peak shown in Figure 2b is wider than 
that in Figure 2c. This suggests that the structure of the 
m/z 74 and m/z 75 ions from 1-dl are different from 
each other. The CID spectra of the m/z 74 and m/z 75 
ions both show a single prominent peak due to CO loss. 
Then the additional information cannot be obtained 
from the CID spectra. 
From these observations, we conclude that the loss of 
methanol from 1 +. occurs via two distinct pathways, 
that is, explanation (1) is the case. Two proposed 
mechanisms are shown in Scheme I. The losses of CO 
from [1-d 1 - CHBOD] +" (Figure 2b) and from [1-d I - 
CHBOH] +' (Figure 2c) correspond to reactions (A) and 
(B), respectively. Hence, the kinetic energy release 
(KER) of the CO loss in reaction (A) is larger than that 
/CH2 N 
(A) +.sx*) c/C=O-CH3OH_ s/CH2\C=O -CO__ "~=C/.,~ 
H OCH 3 + 
m/z 106 m/z 74 m/z 46 
(B) 
"+ HI -CH3OH + - CO + 
HSTC- -CO ~.~ HS = CH- -C=O ~ HS= CH  lzl ° 
H CH3 
m/z 106 m/z 74 m/z 46 
Scheme L The mechanisms ofmethanol loss from 1 +" and the following CO loss. 
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in reaction (B), although we refrain from a quantitative 
discussion. 
In the MIKE spectrum of 1+', no peaks are observed 
at m/z 61 due to the loss of H(~S. In the case of 3, on the 
other hand, the loss of HCO concomitant with the 
double hydrogen transfer is the only pathway of me- 
tastable decomposition. The origin of this difference 
between the S-containing and the O-containing ions is 
explored on the basis of the heats of formation of the 
fragment ion and neutral: 
1+" ~ HCS + HC(OH)OCH3 + 
305 + 386 = 691 (kJ mo1-1) (1) 
1 +" ~ CHaOH 4- HSCHCO +" 
-202 + 832* = 630 (kJ mo1-1) (2) 
1 +" ~ CH3OH 4- SCH2CO +" 
-202 + 886* = 684 (kJ mo1-1) (3) 
3 +" ~ H(~O + HC(OH)OCH3 + 
45 + 386 = 431 (kJ mo1-1) (4) 
3 +. ~ CH3OH + HOCHCO--' 
-202 + 683* = 48l (kJ mo1-1) (5) 
3 +. ~ CH3OH + OCH2CO +" 
-202 + 810" = 608 (kJ mo1-1) (6) 
Asterisked values were estimated from density func- 
tional calculations with B3LYP/6-31+g(d, p ) / /HF /6 -  
31g(d), and the others were obtained from [15]. Details 
of the calculations are mentioned in Appendix. In the 
case of 1+', the loss of HCS is an energetically unfavor- 
able process compared with both of the methanol 
losses. In the case of 3 +', on the other hand, the HCO 
loss is the most favorable process. Hence, the molecular 
ions of 1 +. and 3 +. exclusively lose CHgOH and HCO, 
respectively [10]. 
Ethyl Thioglycolate 
The mass spectrum of 2 is shown in Table 1. Figure 3 
shows the MIKE spectra of the molecular ions of 2 and 
its deuterated isotopomers. As seen from Figure 3a, the 
molecular ions of 2 decompose metastably in a variety 
of ways, i.e., into m/z 102 (18 amu loss), 92 (28 ainu 
loss), 74 (46 ainu loss) and 61 (59 amu loss). The first 
two pathways are generally observed in the MIKE 
spectra of ethyl esters [16-18]. The former is produced 
by the loss of water, and the latter by the loss of C2H 4. 
192 (a) Hsc,~coc2,, 
m/z  120 ~, 
Jt 7' IC 1 
(b)  DSCH2COC2H5 
m/z 121 ~' 
(c) 
(d) 
. c. coc2o  
m/z 125 
106105 6 
t DSCH~COC2D5 75  66 m/z 126 ~, 106 
I I i I 
0.8E 0.TE 0.6E 0.SE 
Figure 3. The MIKE spectra of the molecular ions of (a) 2, (b) 
2-d 1, (c) 2-d 5, and (d) 2-d 6. 
As described later, the m/z 74 ion is generated by the 
loss of an ethanol molecule, and the last ion at m/z 61 
is generated by the loss of C2H302 species from 2-'. 
Ethene Molecule Loss 
From Figure 3, it is clear that the peak at m/z 92 due to 
28 amu loss does not split in the MIKE spectra of the 
molecular ion of any deuterium isotopomers. The peak 
at m/z 92 for 2 +. shifts to m/z 93 for 2-d~-" and 2-d~', 
and shifts to m/z 94 for 2-d6", respectively. These 
results indicate that the ion at m/z 92 is generated by 
the loss of ethene, not CO, from 2 +', as in the case of the 
other ethyl esters [16-18]. Any hydrogen scrambling 
between the ethyl hydrogens and the other hydrogens 
does not occur prior to the metastable thene elimina- 
tion. All of the hydrogens in ethene molecule elimi- 
nated come from the ethyl group in 2 +'. As seen from 
Table 1 and Figure 3a, although the abundance of the 
ion at m/z 92 is relatively low in the ion source 
spectrum, this ion is most abundant in a metastable 
time frame. In other words, the ethene loss is a very 
slow reaction [10, 12]. It could be concluded that the 
hydrogen exchange between the ethyl hydrogens and 
the other hydrogens does not occur prior to any me- 
tastable decompositions of 2-', because it is not ob- 
served in the very slow ethene loss. 
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Figure 4. Partial MIKE spectra of (a) the m/z 74 ion from 2 +', (b) the m/z 74 ion from 2-d~', and (c) 
the m/z 75 from 2-d~'. 
Ethanol Molecule Loss 
The m/z 74 ion in Figure 3(a) corresponds to the loss of 
46 amu from 2 +'. This peak stays at the same mass in 
Figure 3c, indicating the loss of 51 amu. Taking into 
account he loss of methanol from 1+', this process can 
be unquestionably assigned to the loss of an ethanol 
molecule from 2 +. 
As is shown in Figure 3, when the kind of isotopes of 
hydrogen atoms (H or D) in the methylene group next 
to the carbonyl group is same as that of the mercapto 
hydrogen, the peak corresponding to the ethanol oss 
does not split. On the other hand, when those are 
different from each other, this peak splits into two 
peaks, i.e., at m/z 74 and at m/z 75. This situation is 
the same as in the case of the methanol elimination from 
1 +'. The molecular ions of 2-dl lose C2HsOH (m/z 75) 
and C2H5OD (m/z  74) (1.0:3.0), whereas those of 2-d  6 
lose C2DsOH (m/z 75) and C2D5OD (m/z 74) (1.0:2.6). 
The abundance ratio [m/z 75]/[m/z 74] in the ion 
source spectrum of 2-dl was 0.51 (corrected for the 
contamination due to undeuterated species), whereas 
that in the MIKE spectrum of 2-d~-" is 0.33. This cannot 
be explained by the hydrogen scrambling, as in the case 
of 1-d~-'. The partial MIKE spectra of the m/z  74 ions 
from 2 +. and 2-dl ~', and that of the m/z 75 ion from 
2-d~" are shown in Figures 4a, b, and c, respectively. 
These peaks correspond to the CO losses from the 
relevant precursor ions. In this case, the degree of 
deuteration is ca. 85%, and we discuss the results only 
qualitatively. The peak in Figure 4a has a composite 
shape, and the peak shapes shown in Figures 4b and c 
are different from each other. The width of the peak in 
Figure 4b is wider than that in Figure 4c. These results 
are very similar to those for 1 and 1-dl. Hence, the 
mechanism of the ethanol loss from 2 +. will be the same, 
in principle, as that of the loss of methanol from 1+', i.e., 
there exist two distinct pathways of ethanol oss. The 
relative probability of losing the mercapto hydrogen to 
the methylene hydrogen next to the carbonyl group in 
the case of 2 +. is low compared with that in the case of 
1 +." 
In the ethyl-d5 esters (Figures 3c and d), the peak due 
to the loss of ethanol appears with a considerable 
intensity, while the corresponding peak in the ethyl-d0 
esters (Figures 3a and b) is rather weak. The isotope 
effect on H-transfer suppressing the losses of water, 
ethene, and C2H302 could be responsible for this obser- 
vation [10, 12]. 
Water Molecule Loss 
As shown in Figure 3, the peak at m/z 102 due to 18 
amu loss shifts to the peak at m/z 106 in 2-d  6. Further, 
the peak at m/z 102 in 2 splits into the peaks at m/z 102 
and m/z 103 in 2-dl and into the peaks at m/z 105 and 
m/z 106 in 2-d5. Thus, these ions are produced by the 
loss of water from the isotopomers of 2 +'. However, the 
ion at m/z 102 is scarcely observed in the mass spec- 
trum of 2 (Table 1). This indicates that the water loss is 
a very slow reaction, with a rate constant of similar 
order of magnitude as that of the ethene loss. Hence, it 
is considered that the hydrogen exchange does not 
occur, at least between the ethyl hydrogens and the 
other hydrogens, prior to the water loss (vide ante). 
It is seen from Figure 3d that the water molecule lost 
contains no methylene hydrogens next to the carbonyl 
group. Further, Figure 3 shows that when the kind of 
isotope of hydrogen in the ethyl group is the same as 
that of the mercapto hydrogen, a single peak corre- 
sponding to the water loss is observed. In contrast, 
when those are different from each other, two peaks are 
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observed. A similar result is observed also in the case of 
the C2H302 loss from 2 ~" (vide infra). 
From the above, it can be concluded that there are 
two distinct mechanisms for the water loss from 2 +. , i.e., 
one in which both hydrogen atoms in the water come 
from the ethyl group, and the other in which the 
hydrogen atoms of the water come both from the 
mercapto group and the ethyl group. The former is 
often observed in the metastable decomposition of 
general ethyl esters [16-18]. Establishing these mecha- 
nisms in detail is not possible from our results. 
C2H302 Loss 
As shown in Figure 3a, the molecular ion of 2 eliminates 
59 amu to give rise to the ion at m/z 61. As shown in 
Table 1, the fragment ion at m/z 61 is observed also in 
the mass spectrum, although the abundance is low. The 
high resolution data of the m/z 61 ion confirmed that 
the composition of this ion is C2H5S (-0.4 ppm), and is 
not C2H502, The MIKE spectrum of this m/z 61 ion 
shows that this ion decomposes almost solely into the 
ion at m/z 35, i.e., H3 S+. This result also shows that the 
m/z 61 ion contains a sulfur atom. Thus, the m/z 61 ion 
is produced by the direct loss of a C2H302 species from 
2 +'. 
In the case of 2-d~-', the m/z 61 shifts to m/z 66, 
indicating the loss of C2H2DO2 . From this observation, 
it is concluded that the central moiety, CH2COO, in the 
molecular ion of 2 is not included in the m/z 61 ion, and 
that the m/z 61 ion consists of the ethyl and mercapto 
groups, with one hydrogen atom being transferred to 
the neutral eliminated. 
This peak at m/z 61 in Figure 3a splits into two 
peaks at m/z 62 (C2H302 lOSS) and 61 (C2H2DO2 loss) in 
the case of 2-dl, and into the peaks at m/z 66 (C2H302 
loss) and 65 (C2H2DO 2 loss) in the case of 2-ds. These 
results are very similar to the case of the water loss (vide 
ante). 
The abundance ratio [m/z 62]/[m/z 61] in the ion 
source spectrum of 2-d I was 0.89 (corrected for the 
contamination due to undeuterated species), whereas 
that in MIKE spectrum of 2-d~" is 0.94. The variation of 
the ratio with the time range where the spectrum is 
observed is very slight, and the appearance of the split 
peak at m/z 61 and m/z 62 in Figure 3b would not be 
explained with the hydrogen scrambling alone. 
Broer et al. have shown that all C2H5S + (m/z 61) ions, 
which initially have the structure of (A) CH3S = CH~-, 
(B) CH3CH = SH +, and (C) CH2CH2SI2I, isomerize to a 
common intermediate ion or a mixture of ions prior to 
the decomposition i the field free region [19, 20]. On 
the other hand, McLafferty et al. have reported that 
these three isomers (A), (B), and (C) can be distin- 
guished by the collision-induced issociation (CID) 
spectra of these ions [21]. 
In order to reveal the structure of the m/z 61 ions 
from 2 +', we measured the CID spectrum of the m/z 61 
ion from 2 +', and compared it with those of the ions (B) 
(a) 
35 
27 
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(b) 
35 
27 
_ Ji< ,..0. 
(c) 
27 35 
45 
61 
45 
61 
61 
t 
45 
Figure 5. The CID spectra of the m/z 61 ions from (a) 2 +', (b) 
2-propanethiol, and (c) thiirane (CI). 
and (C). The results are shown in Figure 5. The ion (B) 
and (C) were obtained from the dissociative lectron- 
ionization of 2-propanethiol (4) and from chemical 
ionization of thiirane (5), respectively. The CID spectra 
of (A) is not shown in Figure 5, because it was quite 
different from Figure 5a. 
The relative intensity of the peaks at m/z 27 or m/z 
35 to m/z 45 in the CID spectrum for 2 (Figure 5a) is 
between those in (B) and in (C). Further, the spectrum in 
Figure 5a seems to be a superposition of the spectra in 
Figure 5b and c. Hence, it was concluded that the 
C2H5S + ions from 2 +. are a mixture of (B) and (C). That 
is, the m/z 61 ions from 2 +. are generated by the two 
distinct mechanisms, i.e., one in which the mercapto 
hydrogen is lost in the neutral fragment, and the other 
in which one of the ethyl hydrogen is lost in it. 
Bowie et al. reported the observation that negative 
ions -SCH2COOR (R = alkyl or aryl group) eliminate 
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carbon dioxide to produce RSCH 2 as the major prod- 
ucts [4]. They proposed the migration of the R group 
from the oxygen to the sulfur atom for this fragmenta- 
tion. A similar migration of the alkyl group from the 
oxygen to the sulfur atom was also proposed by Bottino 
et al. in the fragmentation of di(2,4-dimethoxyphenyl)- 
disulfide cations [22]. 
From the abovementioned xperimental results and 
the previously proposed alkyl migration mechanism 
[4, 23], plausible fragmentation pathways of 2 +. into 
C2H5S + ions, as shown in Scheme II, are proposed. 
Conclusion 
(1) The loss of methanol is the only metastable 
decomposition of 1+', and this proceeds through two 
distinct pathways. 
(2) The absence of the loss of HCS in the metastable 
decomposition of 1 ÷" is rationalized on the basis of the 
heats of formation of the products. 
(3) The losses of ethene, water, ethanol, and C2H302 
are observed as the metastable decomposition of2 +'. All 
of these decompositions except the ethene loss occur 
through two distinct pathways. During the loss of 
Table 2. Calculated energies of relevant ions and neutrals. 
Thermal 
correction h He* 
Species Energy (a.u.) (a.u.) (kJ/mol) 
CH2CO +" - 152.254 056 239 0.036 849 
CH3COSH -552.050 167 257 0.065 460 
HSCHCO +" -550.477 369 545 0.040 529 
CH3CHO - 153.843 617 974 0.063 744 
CH3COOH -229.103 422 634 0.071 218 
HOCHCO + 227.488 112 468 0.044 940 
SCH2CO ~" -550.458 738 350 0.042 644 
OCH2CO*" -227.438 732 744 0.043 986 
879.6 
-175 
- 165.8 
-432.1 
*Obtained from [15]. 
C2H302, migration of C2H5 or  C2H 4 from the oxygen to 
the sulfur atom occurs. 
Appendix 
Estimation of the Heats of Formation 
The heats of formation (AH t) of HSCHCO ÷ and 
HOCHCO ÷ were estimated using the following reac- 
tions: 
CH2CO ~" + CH3COSH + HSCHCO +" + CH3CHO 
CH2CO +" + CH3COOH ~ HOCHCO + + CH3CHO 
Energies of each species were calculated with a density 
functional method (B3LYP) at the optimized structures 
under HF/6-31g(d) level. The thermal corrections at 
298.15 K were also taken into account. The results are 
summarized in Table 2, along with the available AH r 
values from [15]. The AH t value of SCHaCO +" was 
estimated from the AHf  value of HSCHCO + obtained 
above and the calculated energy difference between 
SCHaCO +" and HSCHCO +'. The kHf value of 
OCH2CO +" was estimated in a similar way. 
Acknowledgment 
This work was partially supported by a Fund for Scientific 
Research from Sankyo Co. Ltd., (Hiromachi, Shinagawa-ku, To- 
kyo, Japan). 
References 
1. Nibbering, N. M. M.; Ingemann, S.; de Koning, L. The Chemis- 
try of Sulfltr Containing Functional Groups, Patai, S.; Rappoport, 
Z., Eds.; Wiley: NY, 1993; p 293. 
2. Bortolini, O.; Fogagnolo, M. Mass Spectrom. Rev. 1995, 14, 117. 
3. Bowie, J.H.; Duus, F.; Lawesson, S.-O.; Larsson, F. C. V.; 
Madsen, J. O. Aust. J. Chem. 1969, 22, 153. 
808 SEKIGUCHI AND TAJIMA J Am Soc Mass Spectrom 1997, 8, 801-808 
4. Bowie, J. H.; Stringer, M. B.; Duus, F.; Lawesson, S.-O.; Lars- 
son, F. C. V.; Madsen, J. O. Aust. J. Chem. 1984, 37, 1619. 
5. Sekiguchi, O.; Tajima, S. J. Mass Spectrom. Soc. Jpn. 1996, 44, 
211. 
6. Tajima, S.; Nagai, Y.; Sekiguchi, O.; Fujishige, M.; Uchida, N. 
J. Am. Soc. Mass Spectrom. 1995, 6, 202. 
7. Suh, D.; Kingsmill, C.A.; Ruttink, P.J.A.; Burgers, O.C.; 
Terlouw, J. K. Int. J. Mass Spectrom. Ion Proc. 1995, 146/147, 305. 
8. Goulden, J. D. S.; Manning, D. J. Org. Mass Spectrom. 1970, 3, 1467. 
9. Burgers, P.C.; Holmes, J.L.; Hop, C. E. C. A.; Postma, R.; 
Ruttink, P. J. A.; Terlouw, J.K.J. Am. Chem. Soc. 1987, 109, 
7315. 
10. Howe, I.; Williams, D. H.; Bowen, R. D. Mass Spectrometry, Prin- 
ciples and Applications, 2nd Ed.; McGraw-Hill: London, 1981. 
11. Gaussian 94, Revision D.1; Frisch, M. J.; Trucks, G. W.; Schle- 
gel, H. B.; Gill, P. M. W.; Johnson, B. G.; Robb, M. A.; Cheese- 
man, J.R.; Keith, T.; Petersson, G.A.; Montgomery, J.A.; 
Raghavachari, K.; A1-Laham, M. A.; Zakrzewski, V. G.; Ortiz, 
J.V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.; Nanay- 
akkara, A.; Charllacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen, 
W.; Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; 
Martin, R. L.; Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; 
Stewart, J.P.; Head-Gordon, M.; Gonzalez, C.; Pople, J.A.; 
Gaussian, Inc.: Pittsburgh, PA, 1995. 
12. Levsen, K. Fundamental Aspects of Organic Mass Spectrometry; 
Verlag Chemie: Weinheim, 1978. 
13. Tajima, S.; Shirai, T.; Tobita, S.; Nibbering, N. M. M. Org. Mass 
Spectrom. 1993, 28, 473. 
14. Cooks, R. G.; Beynon, J. H.; Caprioli, R. M.; Lester, G. R. Me- 
tastable Ions: Elsevier: Amsterdam, NY, 1973. 
15. Lias, S. G.; Bartmess, J. E.; Liebman, J. F.; Holmes, J. L.; Levin, 
R. D.; Mallard, W. G. Gas-Phase Ion and Neutral Thermochemis- 
try; J. Phys. Chem. Ref. Data 1988, 17. 
16. Yeo, A. N. H. Chem. Commun. 1970, 1154. 
17. Kingston, D. G. I.; Bursey, J. T.; Bursey, M. M. Chem. Rev. 1974, 
74, 215. 
18. Holmes, J. L.; Burgers, P. C.; Terlouw, J. K. Can. J. Chem. 1981, 
59, 1805. 
19. Broer, W. J.; Weringa, W. D. Org. Mass Spectrom. 1978, 13,232. 
20. Broer, W.J.; Weringa, W.D.; Nieuwpoort, W.C. Org. Mass 
Spectrom. 1979, 14, 543. 
21. van de Graaf, B.; McLafferty, F. W. J. Am. Chem. Soc. 1977, 99, 
6806. 
22. Bottino, F.; Fradullo, R.; Pappalardo, S. Org. Mass Spectrom. 
1981, 16, 289. 
